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Abstract :  In the present  s tudy,  we invest igated the correlat ion between
body mass index (BMI), blood pressure (BP) indices and indices of physical
f i tness  in  apparen t ly  hea l thy  sub jec t s  aged  14–18  yea r s .  We  ob ta ined
data  f rom 145 (105 males  and 40 females)  and assessed the  corre la t ion
be tween  BMI,  and  hear t  ra te ,  sys to l ic  pressure  (SP) ,  d ias to l ic  pressure
(DP) ,  pu l se  p ressu re  (PP) ,  mean  a r t e r i a l  p ressu re  (MP) ,  r a t e -p ressu re
product ,  endurance in the 40 mm Hg test ,  handgrip s trength (HGS),  and
handgrip endurance.  Subjects  with BMI <18.5 kg/m2,  18.5–25 kg/m2 and
>25 kg/m2 were classed as underweight (65 males and 9 females),  normal
weigh t  (27  males  and  20  females ) ,  and  overweigh t  (13  males  and  11
females )  r e spec t ive ly .  In  v iew of  gender  d i f fe rences  in  au tonomic
regula t ion ,  da ta  of  male  and  female  subjec ts  were  ana lyzed  separa te ly .
We used analys is  of  var iance  to  compare  d i f ferences  between the  three
groups .  Cor re la t ion  be tween  BMI  and  o the r  ind ices  was  t e s t ed  us ing
Pearson’s  co r re la t ion  coe f f i c i en t .  A  P  va lue  <0 .05  was  cons ide red
stat is t ical ly signif icant .  Both SP and DP were highest  in overweight  and
least in underweight male subjects (P<0.05 for both),  whereas in females,
d i f f e rences  in  DP a lone  were  s t a t i s t i ca l ly  s ign i f i can t  (P<0 .05) .  In
underweight male subjects,  there was a posit ive correlation between BMI
and  SP ,  DP,  PP ,  MP and  HGS (P<0 .05  fo r  a l l ) .  There  was  a  pos i t ive
cor re la t ion  be tween  BMI and  SP  in  overweigh t  male  sub jec t s  ( r  =  0 .5
P = 0.07,  n = 13) .  A posi t ive  corre la t ion was observed between BMI and
rate-pressure product (r = 0.5, P = 0.45, n = 11) and BMI and HGS (r = 0.6,
P = 0 .05 ,  n = 11)  in  overweigh t  females .  Our  observa t ions  ind ica te  tha t
there are gender differences in the correlation between BMI and BP indices
espec ia l ly  in  underwe igh t  and  overwe igh t  sub jec t s .  The  obse rved
differences between the three groups and gender differences in correlation
be tween  BMI  and  BP ind ices  may  be  due  to  d i f fe rences  in  au tonomic
funct ion  and or  energy metabol ism.
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INTRODUCTION

Blood  pressure  (BP)  i s  regu la ted  by
activity in the autonomic nervous system (1).
Obes i ty  i s  assoc ia ted  wi th  sympathe t ic
activation and is the leading risk factor for
development of hypertension (2). The use of
body mass index (BMI) for the prediction of
r i sk  fac tor  c lus te r ing  among ch i ld ren  and
adolescen ts  has  s ign i f ican t  c l in ica l  u t i l i ty
(3) .  In  a  l a rge  c ross  sec t iona l  s tudy  of
adolescents ,  BMI has  been  shown to  be  a
be t te r  index  of  body  fa tness  compared  to
waist-hip ratio (4). In the present study, we
tes ted  the  hypothes i s  tha t  the re  i s  a
correlation between BMI and BP indices viz.
sys to l ic  p ressure  (SP) ,  d ias to l ic  p ressure
(DP), mean pressure (MP), heart  rate (HR),
and  ra te -pressure  p roduc t  (RPP)  in
apparen t ly  hea l thy  ado lescen ts .  S ince
ske le ta l  musc le  func t ion  i s  l ike ly  to  be
inf luenced  by  nu t r i t iona l  s ta te  as  wel l  as
cardiorespiratory fi tness,  we also tested the
correlat ion between BMI and the fol lowing
three  parameters  v iz .  handgr ip  s t reng th
(HGS) ,  handgr ip  endurance  (HGE) ,  and
endurance in the 40 mm Hg test.  Thus, the
aim of the present study has been to assess
the correlation between BMI and BP indices,
handgrip s t rength,  handgrip endurance,  and
endurance  in  the  40  mm Hg tes t  in
underweight,  overweight and normal weight
adolescen ts .  The  phys io log ic  s ign i f icance
of  the  observed  cor re la t ions  i s  b r ie f ly
d i scussed .

M E T H O D S

S u b j e c t s

Subjects were classified into three groups
based on BMI as follows: underweight (BMI

<18.5 kg/m2) ,  normal weight  (BMI 18.5–25
kg/m2), and overweight (BMI >25 kg/m2). The
age, height, weight and BMI of the subjects
in the three groups is given in Tables I (for
males) and Table II  (for females).  None of
the subjects were taking any medication and
none had a significant  medical  history.  All
of them had a normal physical examination.
Subjects with history and or clinical evidence
of acute medical  i l lnesses were excluded.

Test ing  protoco l  :  The  Ins t i tu te  E th ics
Commit tee  of  J IPMER approved  the  s tudy
pro toco l .  Al l  sub jec t s ’  pa ren ts /guard ians
gave informed consent.  All parameters were
obtained in the school in which the subjects
were studying, between 10 am and 12 noon,
2–3  h  a f te r  a  l igh t  b reakfas t .  One  of  the
au thors  made  a l l  observa t ions .  Heigh t ,
weigh t  and  mid-arm c i rcumference  were
recorded  and  the  t es t s  were  done  in  the
fo l lowing  sequence  a f te r  fami l ia r iz ing  the
subjects  wi th  the  tes t ing procedures .

1 . Resting HR and BP in the sitting position

2 . 40 mm Hg test

3 . Determinat ion  of  HGS

4 . Determinat ion  of  HGE

After a rest period of 5 minutes, HR and
BP were  de te rmined  f rom the  r igh t  a rm
us ing  a  noninvas ive  BP moni tor  (OMRON
Inc . ,  Japan)  wi th  the  sub jec t  comfor tab ly
seated and back supported.  This instrument
measures  BP by  osc i l lomet r ic  method .  At
least two readings were taken at an interval
of at least 5 minutes and the average of the
two read ings  used  for  ana lys i s .  Pu lse
pressure  (PP)  was  de te rmined  as  the
d i f fe rence  be tween  SP and  DP.  MP was
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ca lcu la ted  as  DP + 1/3  PP.  RPP was
ca lcu la ted  as  SP × HR × 10 –2.  Resp i ra to ry
musc le  s t reng th  was  assessed  f rom the
endurance in the 40 mm Hg test .  This test
was  done  by  ask ing  the  sub jec t  to  b low
forceful ly  in to  a  mouthpiece  a t tached to  a
manometer  and  main ta in  an  expi ra tory
pressure  of  40  mm Hg,  a f te r  a  t ida l
insp i ra t ion .  The  dura t ion  for  which  the
subjec t  cou ld  main ta in  th i s  p ressure  was
noted .  Af te r  3  minutes  res t ,  HGS was
de te rmined  us ing  a  handgr ip  dynamometer
as  the  maximal  vo lun ta ry  con t rac t ion
sustained for  a t  least  3  seconds.  HGE was
de te rmined  by  ask ing  the  sub jec t  to
main ta in  1 /3  of  maximal  vo lun ta ry
contraction for as long as he/she could.

Stat i s t i ca l  ana lys i s  :

All  da ta  a re  expressed  as  means ± SD.
In  bo th  males  and  females ,  d i f fe rences
be tween  underweigh t ,  normal  weigh t  and
overweigh t  g roups  were  t es ted  us ing  one-
way analysis of variance followed by Tukey-

Kramer’s multiple comparisons test.  In each
group, differences between male and female
subjec ts  were  ana lyzed  by  unpai red  t - tes t .
Cor re la t ion  be tween  BMI and  a l l  o ther
parameters  was  assessed  by  ca lcu la t ing
Pearson’s  cor re la t ion  coef f ic ien t .  A  two-
tailed P value less than 0.05 was considered
s ta t i s t ica l ly  s igni f icant .

R E S U L T S

Resul t s  a re  g iven  in  Tables  I– I I I .
Subjec t s ’  an thropomet r ic  charac te r i s t i cs ,
resting HR, BP, handgrip strength, handgrip
endurance  and  per formance  in  the  40  mm
Hg tes t  a re  g iven in  Tables  I  and I I .  The
cor re la t ion  be tween  BMI and  var ious
parameters  i s  p resen ted  in  the  fo rm of  a
correlat ion matr ix in Table III .  In  view of
the  poss ib i l i ty  tha t  the re  cou ld  be  gender
di f ferences  in  regula t ion  of  card iovascular
au tonomic  func t ion  (5–8) ,  we  have
ana lyzed  da ta  in  males  and  females
s e p a r a t e l y .

TABLE I : Anthropomet r i c  cha rac te r i s t i c s ,  r e s t ing  b lood  p ressure ,  hea r t  r a t e ,  handgr ip  s t r eng th
and  handgr ip  endurance  o f  male  sub jec t s .  Da ta  a re  expressed  as  means ± SD.

U n d e r w e i g h t Normal  we igh t Overwe igh t P value
(n = 65) (n = 27) (n = 13)

Age (yr) 15 .7± 0 . 8 15 .9± 0 . 7 1 6± 1 . 2 0 .31
Weight  (kg) 45 .2± 5 . 3 57 .5± 7 8 0± 1 5 <0 .0001
Heigh t  (m) 1 .65± 0 .07 1 .68± 0 .08 1 .68± 0 . 1 0 .07
Body mass index (kg/m 2) 16 .6± 1 . 3 20 .2± 1 . 7 30 .5± 6 <0 .0001
Hear t  r a t e  (bea t s  pe r  minu te ) 8 1± 1 1 8 0± 9 8 1± 1 5 0 .91
Sys to l ic  p ressure  (mmHg) 1 0 1± 1 2 1 0 5± 1 1 1 1 7± 1 1 <0 .001
Dias to l i c  p ressure  (mmHg) 5 9± 8 6 5± 9 7 6± 8 <0.0001
Pulse  p ressure  (mmHg) 4 2± 8 4 1± 8 4 1± 1 0 0 .69
Mean  p ressure  (mmHg) 7 3± 9 7 8± 9 8 9± 8 <0 .0001
Rate -p ressu re  p roduc t  (un i t s ) 8 3± 1 9 8 5± 1 6 9 4± 2 1 0 .12
Endurance  in  40  mmHg tes t  ( s ) 2 9± 1 5 3 6± 2 2 2 4± 5 0 .21
Handgr ip  s t r eng th  (mmHg) 2 1 1± 4 5 2 3 8± 4 1 2 2 0± 7 2 0 .06
Handgr ip  endurance  ( s ) 8 9± 3 0 9 2± 3 4 1 0 4± 4 0 0 .31
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Males  :  There  was  a  s ign i f ican t  d i f fe rence
between the  three  groups in  terms of  BMI
(P<.0001  for  bo th  males  and  females ) .
Whereas  SP,  DP and  MP were  lowes t  in
underweigh t  and  h ighes t  in  overweigh t
subjects (P<0.05 for each), HR, PP and RPP
were similar in the three groups (P>0.1 for
each). Differences between the three groups
in terms of  performance in  the 40 mm Hg
test were not statistically significant (P>0.1).
HGS was  h ighes t  in  normal  weigh t  male

subjec t s ;  however ,  d i f fe rences  were  no t
statist ically significant (P = 0.06).  HGE was
similar  in  the  three  groups .

Females  : There were s ignif icant  differences
in  DP (P<0.05)  be tween  the  th ree  groups ,
i .e . ,  i t  was  h ighes t  in  overweight  subjec ts
and least  in underweight subjects;  however,
d i f fe rences  in  SP  d id  no t  qu i te  reach
s ta t i s t ica l  s igni f icance  (P = 0.19) ,  a l though
SP was  h ighes t  in  overweigh t  sub jec t s .

TABLE II : Anthropomet r i c  cha rac te r i s t i c s ,  r e s t ing  b lood  p ressure ,  hea r t  r a t e ,  handgr ip  s t r eng th
and  handgr ip  endurance  o f  female  sub jec t s .  Da ta  a re  expressed  as  means ± SD.

U n d e r w e i g h t Normal  we igh t Overwe igh t P value
(n = 9) (n = 20) (n = 11)

Age (yr) 14 .8± 0 . 7 15 .5± 0 . 7 15 .3± 1 0 .08
Weight  (kg) 39 .8± 3 . 6 53 .4± 6 . 4 6 7± 6 . 9 <0 .0001
Heigh t  (m) 1 .56± 0 .05 1 . 6± 0 .06 1 .56± 0 .04 0 .23
Body mass index (kg/m 2) 16 .4± 1 .29 21 .1± 1 .62 2 8± 2 . 1 <0 .001
Hear t  r a t e  (bea t s  pe r  minu te ) 9 8± 1 3 9 3± 1 8 9 3± 1 6 0 .77
Sys to l ic  p ressure  (mmHg) 1 0 1± 1 0 1 0 6± 1 2 1 1 0± 1 1 0 .19
Dias to l i c  p ressure  (mmHg) 6 2± 7 6 9± 1 2 7 4± 8 0 .03
Pulse  p ressure  (mmHg) 3 9± 7 3 7± 9 3 6± 7 0 .68
Mean  p ressure  (mmHg) 7 5± 8 8 1± 1 1 8 6± 8 0 .04
Rate -p ressu re  p roduc t  (un i t s ) 9 9± 1 9 9 9± 2 4 1 0 3± 2 5 0 .88
Endurance  in  40  mmHg tes t  ( s ) 3 7± 2 4 3 4± 2 6 2 7± 1 1 0 .54
Handgr ip  s t r eng th  (mmHg) 1 5 9± 4 0 1 5 5± 3 0 1 7 5± 6 2 0 .48
Handgr ip  endurance  ( s ) 8 1± 2 5 9 8± 4 2 1 0 2± 3 7 0 .42

TABLE II I : Cor re la t ion  be tween  body  mass  index  and  va r ious  pa ramete r s  in  underweigh t
(UW), normal weight (NW) and overweight (OW) subjects. Data are expressed as
Pearson corre la t ion  coeff ic ient .  Sample  s ize  (n)  i s  indica ted  wi th in  brackets .

Heart Systolic Diastolic Pulse Mean Rate- Endurance Handgrip Handgrip
Group, (n) rate pressure pressure pressure pressure pressure in 40 mm strength endurance

product Hg test

UW males (65) 0 0.4** 0.4** 0.3** 0.4** 0.2 0.1 0.5** 0.1
NW males (27) 0.2 0.01 0.3 –0.3 0.2 0.1 0.1 –0.3 –0.2
OW males (13) 0.2 0.5 0.3 0.4 0.4 0.5 0.2 0.3 –0.1
UW females (9) 0.1 0 –0.2 0.1 –0.1 0 –0.4 –0.02 –0.2
NW females (20) 0.1 –0.2 0.4 –0.1 0.1 –0.1 0.02 –0.3 0
OW females (11) 0.4 0.3 0.1 0.4 0.2 0.5 0.2 0.6* –0.2

*P<0.05, **P<0.01, ***P<0.001.
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Differences  in  MP were  s imi lar  to  tha t  of
DP (P<0.05). No significant differences were
noted between the three groups in either the
endurance  in  the  40  mm Hg tes t ,  HGS or
H G E .

Important correlations : There were s tat is t ical ly
s ign i f ican t  pos i t ive  cor re la t ions  be tween
BMI and all BP indices except rate-pressure
produc t  in  underweigh t  male  sub jec t s .  In
marked contrast ,  no signif icant  correlat ions
were observed between BMI and BP indices
in  underweigh t  female  sub jec t s .  The
cor re la t ion  be tween  BMI and  HGS was
highest  in  overweight  females  (r = 0.6)  and
underweight  males  ( r = 0.5)  respect ively.  A
modest positive correlation between BMI and
SP ( r = 0 .5) ,  and  BMI and  ra te -pressure
product (r = 0.5) was observed in overweight
male  sub jec t s  a l though  i t  was  no t
s ta t i s t i ca l ly  s ign i f ican t .  In  con t ras t ,  in
overweight  female subjects ,  BMI correlated
wi th  ra te -pressure  p roduc t  ( r = 0 .5) ,
although it correlated more closely with HR
ra ther  than  SP.

Compari sons  be tween  males  and  females  wi th
s imi lar  nutr i t iona l  s ta tus  :  In  underweigh t  as
wel l  as  normal  weight  g roups ,  d i f fe rences
in rest ing HR and RPP between males  and
females were statistically significant (P<0.05
for all). However, in the overweight subjects,
the  di f ference in  res t ing HR did  not  qui te
reach  s ta t i s t i ca l  s ign i f icance  (P = 0 .07) .
Fur ther ,  the re  were  no  s ign i f ican t
differences in SP, DP, and PP between males
and  females  in  the  underweigh t ,  normal
weight and overweight groups. As expected,
handgr ip  s t reng th  was  markedly  grea te r
in  males  compared  to  females  in  bo th
underweigh t  and  normal  weigh t  sub jec t s
(P<0.05 for  both) ;  however ,  in  overweight
sub jec t s ,  d i f fe rences  in  handgr ip  s t reng th

were not statist ically significant.  Endurance
in the 40 mm Hg tes t  was s imilar  in  both
genders  be longing  to  underweigh t ,  normal
weight  and overweight  groups .

D I S C U S S I O N

In both males and females, we found that
SP and  DP were  h ighes t  in  overweigh t
sub jec t s ,  in te rmedia te  in  normal  weigh t
subjects  and least  in  underweight  subjects .
This  i s  poss ib ly  due  to  d i f fe rences  in
sympathet ic  tone  between underweight  and
overweigh t  sub jec t s .  However ,  PP  was
s imi lar .  Assuming tha t  a r te r ia l  compl iance
was not  d i f ferent  between the  groups,  th is
suggests that stroke volume is also similar.
Also, HR was similar. Thus, we have indirect
ev idence  tha t  ca rd iac  ou tpu t  i s  no t
s ign i f ican t ly  d i f fe ren t  be tween  the  th ree
groups .  Thus ,  d i f fe rences  in  BP could  be
largely due to differences in total peripheral
res i s tance ,  which  in  tu rn  i s  g rea t ly
inf luenced by tonic  sympathet ic  control  of
res i s tance  vesse l s .  Our  resu l t s  ind i rec t ly
sugges t  tha t  the  h igher  BP in  overweigh t
sub jec t s  i s  due  to  he igh tened  sympathe t ic
vascular  tone (9) .

We assumed that when effort is maximal,
endurance in the 40 mm Hg test is directly
re la ted  to  ca rd ioresp i ra to ry  f i tness  and  i s
in f luenced  by  resp i ra tory  musc le  s t reng th .
However ,  even  amongs t  normal  weigh t
subjects, the dispersion of data is considerable
and interpretation is therefore difficult. This
may partly be due to the fact that this is an
ef for t  dependent  parameter .  Resu l t s  o f  a
population study by Lee et  al  (10) indicate
that in men aged 30-60 yr, cardiorespiratory
f i tness  as  measured  by  maximal  oxygen
uptake  t readmi l l  t e s t ing  and  body  fa tness
are  near ly  independent  of  each other .
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HGS, a simple index of skeletal  muscle
function and a functional index of nutritional
status (11), is influenced by effort,  skeletal
muscle bulk and contractility. From what we
have  observed ,  HGS,  which  we  measured
whi le  the  sub jec t  sus ta ins  a  maximal
voluntary contract ion for  3 seconds,  is  not
affected by body weight  per  se .  Indeed,  i t
was demonstrated that  underweight subjects
have a MVC similar to that  of normal

weigh t  sub jec t s  whi le  i t  was  cons iderab ly
reduced  in  chron ica l ly  energy  def ic ien t
subjects (12). In a large cross sectional study
of  e lder ly  women,  on ly  s ta t i s t i ca l ly
insignif icant  differences in muscle s trength
were observed between underweight,  normal
weight  and  overweight subjects after
adjustments for age ,  he igh t ,  appendicu la r
ske le ta l  mass  indicating that HGS is
influenced significantly by factors other than
body weight.  (13). Although HGE would be
expected  to  be  cons iderably  inf luenced  by
ef for t ,  ca rd ioresp i ra to ry  f i tness ,  ske le ta l
musc le  func t ion ,  we  d id  no t  observe  a
s ta t i s t i ca l ly  s ign i f ican t  d i f fe rence  be tween
the  groups .  Indeed ,  an  ea r l i e r  onse t  o f
fa t igue  dur ing  i so ton ic  exerc i se  has  been
demonstrated in chronically energy deficient
subjects (14).

Corre la t ions  be tween  BMI and  o ther  parameters :

I t  i s  in te res t ing  to  no te  tha t  the re  i s  a
cor re la t ion  be tween  BMI and  sys to l ic
pressure  in  bo th  underweigh t  and
overweigh t  males  bu t  no t  normal  weigh t
males .  Di f fe rences  in  hemodynamics  may
account  for  such  d i f ferences .  The  pos i t ive
correlat ion between BMI and hyperdynamic
circulation (increased PP and HR), although
stat is t ical ly  insignif icant  in  our  ser ies ,  has
a l so  been  repor ted  prev ious ly  (15) .  In

underweight male subjects,  fat mass is very
less and thus it is not difficult to appreciate
the  pos i t ive  cor re la t ion  be tween  BMI and
HGS.  In  contras t ,  there  was no s ignif icant
correlation between BMI and BP indices in
underweigh t  females .  Surpr i s ing ly ,  the re
was  no corre la t ion  between BMI and HGS
in underweight  female  subjects .

In  conclus ion,  our  resul ts  indica te  tha t
systolic pressure is  l inearly related to BMI
in  underweight  and  overweight  males ,  and
overweigh t  females .  Thus ,  the re  a re  a l so
gender  d i f fe rences  in  cor re la t ion  be tween
BMI and  BP ind ices .  Al though ,  there  a re
stat ist ically significant correlations between
BMI and  BP indices ,  the  cor re la t ion  i s  a t
bes t  modes t  and  i t  i s  l ike ly  tha t  severa l
fac tors  bes ides  BMI inf luence  BP indices .
Indeed, there is evidence that genetic factors
account  s ign i f ican t ly  fo r  the  cor re la t ion
observed between BMI and BP (19). Obesity
i s  assoc ia ted  wi th  insu l in  res i s tance  and
hyper insu l inemia  i s  assoc ia ted  wi th
excess ive  sympathe t ic  ac t iv i ty  (2 ,  20–22) .
The  observed  d i f fe rences  be tween  the
underweight,  normal weight and overweight
subjects may possibly be due to differences
in cardiovascular  autonomic control  and or
energy  metabol i sm.
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